Study Desi gn: Observational study of static and dynamic foot postures in professional baseball players. Background: Throughout the course of a professional baseball season, running, cutting, and sprinting activities can produce a breakdown in players' foot function, causing overuse injuries. Objectiws: To investigate the relationship between static and dynamic foot postures; to determine the occurrence of abnormal foot postures in professional baseball players and the incidence of overuse injuries in the lower extremity; and to compare the foot postures of pitchers to those of positional players. Methods a d Mewres: The foot postures of 74 professional baseball players were evaluated at rest and during gait. Measures of static foot posture were obtained with a goniometer and included the subtalar neutral position, forefooVrearfoot position, ankle joint dorsiflexion, tibia1 angle in standing, and calcaneal angle in standing. The FootTrak motion analysis system provided measures of dynamic foot posture (rearfoot supination and pronation) during the stance phase of gait. A questionnaire was completed by players who reported previous lower extremity injuries. The chi-square statistic was used to determine the associations between forefoot position (varus or valgus) and the amount of foot pronation during gait. Results: The forefoot varus and calcaneal valgus in standing was significantly associated with the maximum pronation during the stance phase of gait. Of the 65 players who demonstrated excessive pronation (> 8 degrees), 28 (43%) also reported a previous lower extremity injury. No statistically significant difference occurred, however, between injured and uninjured players with respect to the mean values of static or dynamic foot posture. In addition, foot postures were not associated with a player's position. Conclusions: Selected measures of static rearfoot and forefoot postures may have value in predicting dynamic rearfoot movement during the stance phase of gait. Excessive pronation in the baseball players we studied was not found to be a significant contributing factor in the development of overuse injuries.) 
A common theory in biomechanics states that structure dictates f u n c t i~n .~ Little research has been conducted using static measurements of structural alignment as predictors of abnormal pronation and supination of the rearfoot during human walking. For example, standing calcaneal valgus position has been implicated as the primary compensation for a forefoot varus deformity. A combined forefoot varus deformity and compensated rearfoot valgus position has been hypothesized as a predictor of abnormal rearfoot pronation during the stance phase of gait." However, Hamil et ala and McPoil and CornwallI5 found no correlation between dynamic motion of the rearfoot during walking and static foot measures. Their studies, however, analyzed nonimpaired adult men, not professional athletes. In addition, the poor reliability reported for the measurements of static foot posture may be secondary to the lack of repeated measurements of static foot posture.
Injury data reported to us by several professional baseball trainers suggested that lower extremity injuries were more frequent among pitchers. However, we found no published studies examining the relationship between foot postures and incidence of lower extremity injury in professional baseball players. This prompted us to investigate whether baseball players are at risk for these kinds of injuries and, if so, whether abnormal foot postures are a factor.
Our study examined the foot postures of professional baseball players. We included a comparison of pitchers to positional players to determine whether function governs structure. Pitching imposes forces on the lower limb that are more repetitive than are the activities of positional players. These forces may alter foot mechanics, producing detrimental adaptations. The purposes of this preliminary study were to investigate (1) whether static lower leg measurements correlate with abnormal foot position during gait; (2) whether a relationship exists between abnormal foot position and the incidence of lower extremity overuse injuries; and (3) whether foot postures differ between pitchers and positional players.
METHODS
Seventy-four professional baseball players (51 pitchers, 22 positional players, and 1 player who did not specify) were randomly selected to serve as s u b jects for this study. Each subject signed an informed consent and was asked to complete a questionnaire describing injuries sustained to the lower extremities during their baseball career and other characteristics of their professional baseball career ( Table 1 ). The institutional review board for Physiotherapy Associates, Memphis, Tenn, approved the protocol for the study. 
Measurements of Static Foot Posture
The following 5 goniometric measurements were recorded: (1) subtalar joint neutral position; (2) forefoot position; (3) passive ankle joint dorsiflexion; (4) standing tibia-to-floor angle; and (5) standing rearfoot angle. To enhance consistency of the measurements, midpoints of the posterior aspect of the leg were located at 4 landmarks: (1) one-third of the distance from the medial malleolus to the medial knee joint line; (2) the superior aspect of the medial malleolus; (3) the Achilles tendon insertion on the calcaneus; and (4) the most posterior prominence of the calcaneus. Bisecting lines were drawn connecting 2 points on the lower leg and the calcaneus. A midpoint dot drawn at the Achilles tendon's insertion on the calcaneus served as a reference for the subtalar joint axis during goniometry.
The subtalar joint neutral position was determined with the subject prone using the palpation method and was defined as the point at which the head of the talus was not prominent medially or laterally.1° The position was quantified by aligning the goniometer arms along the bisecting lines. The forefoot position was then measured while the subtalar joint was held in neutral and with the midtarsal joint pronated to firm resistance. We took care not to overload the midtarsal joint, which can distort the forefoot position. The forefoot position was measured by aligning one arm of the goniometer along the plantar aspects of the metatarsal heads, and holding the other perpendicular to the heel bisection line (Figure 1) . A forefoot varus was defined as an inverted position of the forefoot on the heel; a forefoot valgus was an everted position. Nonweight-bearing passive dorsiflexion was measured with the axis of the goniometer on the lateral malleolus. Weight-bearing tibial posture was measured as the angle between the lower leg and the floor. The standing rearfoot angle was measured with a goniometer as the angle between the lower leg and the calcaneus (Figure 2 ).
All measurements of static foot posture were taken by an examiner who had 15 years' experience in measuring feet. To determine test-retest reliability, the same examiner remeasured every fifth subject. The anatomic landmarks for marker placement were redrawn between measurements. The intraclass correlation coefficient ICC (2,k) was selected based on the design of the study. The first number of the ICC (2) is used when the same set of judges are rating all subjects and the judges are randomly selected. The "k" denoted the reliability of the mean of "k" measurements. Thus ICC (2,k) yielded the following coefficients for these measurements: subtalar joint neutral (0.995), forefoot/rearfoot position (0.989), ankle joint dorsiflexion (0.684), tibia1 angle (0.809), and standing rearfoot angle (0.960). (ICC formula:
[BMSEMS] / [BMS +(JMSEMS)/n] BMS= between subjects mean square, EMS = within subjects mean square error, JMS = within subjects, between judges mean square) All measurements were taken 3 times on each subject and averaged.
Measurements of Dynamic Foot Postures
The FootTrak motion analysis system (Motion Analysis Corporation, Santa Rosa, Calif) was used to analyze rearfoot motion during gait. Two reflective markers were placed on the bisection line of the lower leg, and 2 markers were placed on the bisection line of the posterior surface of the calcaneus ( Figure  3 ). Pronation was defined as the eversion angle between the bisection of the distal one-third on the lower leg and the bisection of the calcaneus. Three dependent variables were measured: pronation at heel strike, maximum pronation during the stance phase, and pronation at toe-off.
A 60-Hz video camera placed 140 cm to the rear of the walking surface recorded motion of the reflective markers while the subjects walked on the treadmill. The images from these recordings were sent to the video processor where the reflective markers were converted to digitized outlines. The processor sent the outlines to a host computer that determined the centers of the markers.
The subjects walked barefoot on the treadmill at 2.5 miles per hour. The foot switch under the heel marked heel-strike and heel-off and the foot switch under the first metatarsal marked toe-on and toe-off. Before the videotaping, subjects practiced for 5 minutes on the treadmill. Each trial consisted of 6 complete gait cycles. For a trial to be successful, at least 3 of the 6 cycles had to be recorded. Again, every fifth subject was retested for data reliability. The test-retest reliability of the dynamic measurements of rearfoot angle using ICC (2,k) were as follows: heel-strike (0.986), maximum pronation angle (0.985), and toeoff angle (0.983).
Data Analysis
Two-tailed independent &tests were used to compare selected measures of static and dynamic foot postures among subjects with forefoot varus compared to those with forefoot valgus, between subjects who did and did not pronate in all 3 phases of gait, and between pitchers and positional player. We also compared selected static and dynamic foot postures among injured and uninjured players. Bonferroni correction in Pvalues was not made for multiple comparisons. Because these comparisons did not involve partitioning a multicategory independent variable into component pairs but rather involved comparing the same 2 categories on several dependent variables, Bonferroni adjustment was not needed. Consequently, these comparisons were made as planned at the 0.05 level of significance.
Chi-square statistics were used to determine the associations between forefoot position (varus or valgus) and the rearfoot angle at maximum pronation as determined by the FootTrak measurement system. Rearfoot angles of 1 to 8 degrees were classified as pronated. Rearfoot angles of greater than 8 degrees were defined as excessively pronated. Inverted rearfoot angles were classified as supinated. In addition, we analyzed rearfoot angle at heel strike, stance, and toe-off between pitchers and positional players. Data were analyzed with the SPSS statistical package (SPSS, Inc, Chicago, Ill) . Confidence levels of P <.05 were established a priori.
RESULTS
The ttests indicated that regardless of playing position, dominance, or side, subjects with forefoot varus had significantly greater valgus standing rearfoot angles than those with forefoot valgus (Table  2 ). The subtalar neutral position did not differ significantly between subjects with forefoot varus and those with forefoot valgus (Table 2) . Table 3 shows that subjects who exhibited a pronated position in all 3 phases of gait had significantly greater forefoot varus on the dominant and nondominant side and on the left and right sides compared to subjects who did not pronate their feet. In addition, those subjects who pronated throughout the stance phase had a significantly greater subtalar neutral position of varus on the right, left, the dominant, and nondominant sides compared to subjects who did not pronate (Table 3) . Also, the subjects who pronated throughout the stance phase of gait had significantly greater standing rearfoot valgus positions on the left and dominant sides than the other players who did not pronate (Table 3) . The valgus rearfoot angle on the right side and the dominant side did not show a significant difference between the group that pronated during all 3 phases of gait and the group that did not pronate throughout the stance (Table 3) .
Chi-square analysis indicated that more subjects had rearfoot valgus than expected (standardized residual = 2.73; Table 4 ). It is interesting to note that 103 of the 148 feet in the 74 subjects studied demonstrated a forefoot varus, as measured in nonweightbearing, and excessive pronation during the stance phase of gait, as measured by the FootTrak.
Two subjects demonstrated a forefoot valgus with a rearfoot varus in standing. The dynamic assessment of the above subjects indicated greater supination values during the stance phase of gait. One subject demonstrated a forefoot valgus, neutral calcaneus in standing, and excessive pronation throughout the stance phase.
Four subjects had a mean forefoot valgus of 4 degrees on 1 foot and a mean forefoot varus of 8 degrees on the opposite foot. Three of the 4 subjects demonstrated a standing rearfoot angle appropriate to the forefoot position; for example, forefoot varus with standing calcaneal valgus and forefoot valgus with standing calcaneal varus. However, 1 subject with a valgus and varus forefoot position had a standing calcaneal varus bilaterally. All 4 subjects had greater pronation values throughout the stance phase.
Thirty-nine pitchers were right-side dominant and 12 were left-side dominant. All the positional players were right-side dominant. Therefore, the right side and the dominant side were similar throughout the stance phase of gait. For example, at toe-off on the dominant side, pitchers were significantly more likely to exhibit a supinated position than positional players (xP > 6.52, df = 1, P < .O5). However, although not statistically significant, there was a trend toward greater supination at toe-off on the right side (P < .051). Positional players had a greater rearfoot valgus angle at maximum pronation on the dominant side and on the right side ( P < .05). At heel strike, the positional players also demonstrated a trend ( P <
.073) toward greater valgus on the dominant side (Table 5) .
Of the 65 subjects who demonstrated excessive pronation (> 8"), 28 (43%) also reported a previous lower extremity injury. The injuries included stress fractures of the tibia and tarsal bones, medial knee strains, plantar fasciitis, shin splints, anterior compartment syndrome, and low back strain. However, injured players did not differ significantly from uninjured players in measurements of static foot postures and the amount of pronation or supination during the stance phase of gait (Table 6 ). Players with excessive pronation were no more likely to be injured than those without excessive pronation (x2 = 0.33, df = 1, P >.05) ( Table 7) .
DISCUSSION
To our knowledge, this is the first study designed to evaluate the incidence of abnormal foot postures and the frequency of lower extremity injuries in professional baseball players. This study is also the first to demonstrate a correlation between measurements of the static foot and ankle postures with dynamic function of the rearfoot during the stance phase of gait. It has been hypothesized that during weightbearing, forefoot varus must be compensated for by moving the calcaneus into a valgus (everted) position. Rearfoot eversion, or a valgus position of the calcaneus, is a component of the pronation move ment. In our study, subjects with forefoot varus had a significantly greater standing calcaneal valgus measurement. Those subjects also demonstrated p r e longed and excessive pronation of the rearfoot during the stance phase of gait. Also, the combined analysis of all forefoot postures indicated that fore foot varus was present in 93.2% (1 36 feet) of the subjects. We were surprised to find a higher incidence of forefoot varus than did Garbalosa et a17 (83% incidence) because our measurement technique incorporated pronation of the midtarsal joint to firm resistance. A criticism of their study was that not loading the forefoot may have biased their fore foot measurements toward varus. This was not the case in our study. The unique finding in our study was the statistically significant relationship between static forefoot position and dynamic rearfoot motion (Table 4) . One hundred three feet with forefoot varus also demonstrated excessive pronation during the stance phase of gait. These findings contradict those of previous studies. Hamil et a18 and McPoil and CornwallI5 found similar static measurements not to be predictors of rearfoot motion during gait. However, these studies were done on healthy nonprofessional athletes. More importantly, many of their static measure ments were of poor reliability. In contrast, we obtained a high level of intrarater reliability. The studies by Hamill et a18 and by McPoil and Cornwall,15 which were performed on nonimpaired adult men, found no predictors of dynamic motion of the rearfoot during walking when using the static foot evaluation procedures described earlier. They also reported poor intrarater reliability when measuring subtalar neutral position, forefoot position, and calcaneal or subtalar joint range of motion in the nonweight-bearing position.15 In contrast, we obtained a high level of intrarater reliability when performing measurements of static and dynamic foot postures. In a recent study by Somers et al,19 the reliability of the measurement of the static forefoot position was greater when the investigator was trained and when more than 2 measurements were taken for each position. Garbalosa et al , ' Brown et al,' and Je hanson et all0 showed excellent reliability of measurements of the static postures. In their studies, the measurements of the static foot postures were taken more than twice. In the study by Hamill et alg8 reliability was established for static measurements by reevaluating 6 randomly selected subjects. McPoil and Cornwall15 determined the neutral position with the subject in the weight-bearing position. There were only 2 static measurements taken-neutral position of the subtalar joint and the relaxed standing foot posture. The ICC values in their motion analysis study were similar to ours.
The high incidence of forefoot varus in our study (90.5%) has also been reported in normal healthy subjects by Garbalosa et a17 (83.67%) and Somers et al.I9 In all of the previously mentioned studie~,'.~J" injury incidence was not investigated.
The present state of health care reform requires the clinician to develop cost-effective evaluation techniques in the treatment of foot disorders. Our research has determined that specific static measurements of the foot and ankle, such as forefoot to rearfoot measurements in subtalar neutral and standing weight-bearing calcaneal angles, may have value in predicting dynamic foot motion. Forefoot varus angles greater than 12 degrees seem to be related more to excessive pronation throughout the stance phase of gait. Therefore, clinicians may be able to predict abnormal foot mechanics during the stance phase of gait by identifying forefoot deformities such as forefoot varus, rearfoot standing weight-bearing position of the calcaneus, and the subtalar neutral position. Static weight-bearing position of the calcaneus and the subtalar neutral position help to ascertain the capability of the rearfoot to compensate during weightbearing activities.
Earlier studies have shown that abnormal pronation during the stance phase of gait may affect the alignment of the lower extremity and can predispose an athlete to overuse i n j~r i e s .~~.~~.~.~ Injuries attributed to abnormal pronation include Achilles tendinitis, plantar fasciitis, posterior tibial tendinitis, tibial stress fractures, and patellofemoral pain synThe injuries described above were also reported by our study subjects. However, abnormal pronation in the subjects that we studied was not found to be a significant contributing factor in the development of overuse injuries. Three players with a mean forefoot valgus of 4 degrees, calcaneal varus in weight-bearing, and increased supination values during stance reported a history of ankle sprains. For future studies the evaluation of a larger number of subjects with overuse injuries may help to identify significant etiological factors. In addition, evaluation of lower extremity variables, such as hip and knee postures, muscle tightness and muscle weakness, can provide useful information in the etiology of overuse injuries in professional baseball players.
Biomechanical studies have demonstrated that abnormal pronation of the rearfoot can be significantly reduced during the stance phase of gait by foot orthotic inter~ention."~J"ng and Pierrynowski5 showed that by using soft foot orthotics, calcaneal eversion during stance was reduced. This reduction reestablished normal patellofemoral forces, thereby reducing patellofemoral pain in their adolescent patients. ls Eng and Pierrynowskivater showed that partial correction of the standing weight-bearing calcaned valgus position resulted in changes in trans verse and frontal-plane motion of the foot and knee during walking and r~n n i n g .~ McCulloch et all4 confirmed that foot orthotics promote normal functional movement of the foot and ankle during gait, thereby reducing compensatory movements of the calcaneus, tibia, and femur. Johanson et all0 demonstrated that a forefoot varus (medial) post and a rearfoot varus post combined have a significant effect on the rearfoot pronation movement during the stance phase of gait.
Several marked differences were present in the dynamic assessment of foot postures of pitchers when compared with positional players. Pitchers were more likely to be supinated at toe-off on their dominant side. The function of the foot during the toe-off phase of gait simulated the function of the foot during the propulsive phase of pitching. In both activities, the foot is functioning as a ridge lever for toeoff in gait and on the pitching mound. Establishing a rigid lever for toe-off creates a more efficient biomechanical system. Another finding was a greater maximum pronation angle for positional players on the dominant side and on the right side. The explanation for this finding could indicate that the activities of positional players cause them to develop greater pronation forces on their dominant sides. For example, positional players may experience greater cutting and twisting movements of the lower extremity at their positions on the field and during hitting. However, overall foot posture was not dependent on the player's position. Therefore, a specific foot type did not depend on the different activities performed by baseball players in different positions.
CONCLUSION
This study provides the clinician with a method of evaluating static and dynamic foot mechanics. We have demonstrated that specific static measurements of forefoot varus, standing calcaneal valgus, and subtalar neutral varus are related to abnormal pronation during the stance phase of gait.
Our subjects with forefoot varus were more likely to have excessive pronation during the stance phase of gait and have a greater valgus angle of the calcaneus in standing. Forty-three percent of those with abnormal pronation had a history of injury to the lower extremity. However, no statistically significant difference existed between the injured and uninjured players with respect to static and dynamic mea- 
Invited Commentary
The authors should be commended for re-examining the issue of whether static measurements of bony structural alignment can serve as predictors of abnormal pronation and supination of the rearfoot during walking. Foot motion, described globally as pronation and supination, is a complex movement pattern that involves not only the articulations of the rearfoot but also those articulations of the midfoot and forefoot. Previous studies have reported that the articulations that contribute the greatest to the motions of foot pronation and supination are located in the midfoot, followed by those in the rearfoot and f~r e f o o t .~
In the study by Donatelli and his colleagues, the authors have only attempted to predict dynamic movement of the rearfoot based on 5 static measurements of foot alignment. The authors justify the need for their research by noting that the 2 previous studies examining this same question analyzed healthy adult men, not professional baseball players, and reported poor reliability for the static measurements used in these studies. While the authors never provide any data to indicate why a population of professional baseball players would provide any different results than a population of healthy adults, they should have provided the reader with a more accurate representation of the results obtained by the 2 previous studies.
While Hamill et all did analyze 24 healthy male subjects, only 4 of the 16 static measurements they assessed were excluded because of poor intrarater reliability. McPoil and Cornwall7 analyzed the feet of 18 women and 9 men and reported that the ICC intrarater reliability values ranged from 0.909 to 0.986. Donatelli and his colleagues also stated that only 2 static measures were obtained in the McPoil and Cornwall investigation. McPoil and Cornwall,' however, used 17 static measurements in their multiple regression model to predict dynamic movement of the rearfoot. While it is understandable that the authors would want to justify the need for a study, I believe that Donatelli and his colleagues provided the reader with inaccurate information regarding the measurement reliability and subject demographics used in these previous investigations.
The 5 static measurements of the foot that Donatelli et al have chosen to investigate are often included in the physical examination of the foot and ankle. It is important to keep in mind that the physical examination of a patient with a foot and ankle disorder serves 2 important functions: First, to confirm the patient's problem or diagnosis and second, to determine other factors that can be hypothesized as contributing to the patient's problem. It is the latter reason that the authors have chosen to evaluate the 5 static measurements in their study. These 5 static measurements have been presumed to be factors that cause excessive foot pronation. As the authors point out in their review of the literature, previous studies have reported that excessive pronation can be one of many factors that can cause an overuse injury. However, more recent studies, including a prospective investigation involving marathon runners, have concluded that variations in lower extremity alignment do not appear to be major risk factors in the development of overuse i n j u r i e~.~~J~ The 5 static foot measurements selected for investigation in this study were first described by Root et all2 in 1971. In a subsequent publication, Root et all1 based the theory for these measurements of forefoot and rearfoot alignment on the premise that during walking, the subtalar joint would be in a "neutral" position, neither pronated nor supinated, just at or immediately after the midpoint of the stance phase. Thus, the theoretical normal foot alignment that serves as the criteria used by Donatelli et al to determine whether their subjects had a normal or abnormal foot alignment is based on the concept that the subtalar joint is in a neutral position either at midstance or just after midstance during walking. This is the reason why the authors emphasized in their Methods section that the forefoot position measurements were obtained while maintaining the subtalar joint in neutral. The authors also note that all static measurements in their study were taken by an examiner with 15 years experience in foot measurement and that all ICC intrarater reliability values for the 5 static measurements ranged from 0.684 to 0.995.
While the ICC values reported by the authors would indicate that a high degree of intrarater reliability was achieved, the between-rater reliability of these measurements may not be as high because of a possible lack of consistency in placing the subtalar joint in neutral position. Pierrpowski et all" studied the proficiency of 8 experienced chiropodists in placing 6 subjects in subtalar joint neutral position 8 times. They found that the experienced clinicians could place the rearfoot within 2 1 degree of subtalar joint neutral position only 41.3% of the time. Somers et all+eported similar findings in noting that when using a goniometer to obtain forefoot measurements, intertester reliability was only 0.38 for experienced clinicians. While the examiner in the Donatelli et al study demonstrated a high degree of intrarater reliability for the 5 static measurements, the level of agreement between other clinicians for these same measurements could actually be quite low. It is also of interest to note that Somers et alls reported a between-rater reliability of 0.81 for experienced examiners using a visual estimation rather than goniometer to obtain the forefoot measurements, while maintaining the same degree of intrarater reliability. Thus, one could ask why Donatelli and his colleagues did not consider using a visual estimation of forefoot alignment rather than goniometric measurements.
More importantly, while the authors focused on the need to establish reliability for the 5 measurements they used in the study, they failed to consider the validity of using these measurements. The validity for using the measurement scheme proposed by Root and colleagues" is that the subtalar joint achieves neutral position at or just after midstance during walking. Over the past 5 years, however, several investigations have demonstrated that the zero p e sition about which the subtalar joint operates during walking is the resting standing posture and not the "neutral" p o~i t i o n .~.~.~ Thus, I am somewhat bewildered that the authors chose to substantiate foot measurements repeatedly shown to have no validity and questionable between-rater reliability.
Aside from the issues of measurement validity and between-rater reliability, Donatelli and his colleagues would also appear to have difficulty relating their static measurements to the dynamic data they collected. For static measurements, the authors used the alignment of the lower leg and calcaneus when the subtalar joint was positioned in neutral as their "zero" position, indicating no pronation or supination. Yet for the dynamic measurements, the authors defined the "zero" or neutral position of the rearfoot when the markers on the lower leg were aligned with the markers on the calcaneus. Thus, while the average neutral position for the static measurements was -3.0 degrees, the neutral position for the dynamic measurements would be 0.0 degrees. The lack of a standardized zero position between the static and dynamic measurements could explain why all of the subject groups initially contacted the supporting surface with the rearfoot everted between 4.6 and 6.8 degrees (see Table 6 in the article), even though the gait literature states that the rearfoot is inverted upon heel contact. Another factor that could have influenced the dynamic patterns of rearfoot motion was the extremely slow walking speed used for data collection. Previous studies have reported that having subjects walk at prescribed walking speeds can cause a marked disturbance in their normal walking pattern.*.* It is hard to fathom that all 74 subjects in the study preferred to walk at 2.5 miles per hour. While Lemke et a13 did report no significant differences in rearfoot motion variables when walking overground versus on a treadmill, they had their subjects initially walk overgound to determine the subject's self-selected speed prior to walking on the treadmill.
The results obtained by Donatelli and his colleagues lead to some interesting questions. Of the 74 subjects in the study, 65 subjects or 88% of the s u b ject pool excessively pronated. The authors note that Root et all1 defined excessive pronation as an eversion movement of greater than 4 to 6 degrees. They further note that 2 other studies defined excessive pronation as a rearfoot angle of greater than 6 degrees eversion during stance. Yet without any justification Donatelli et a1 arbitrarily defined rearfoot angles of greater than 8 degrees eversion as excessive pronation. Obviously, the criteria for what constitutes excessive pronation is unknown, and unfortunately the Donatelli et al study does little to help define the criteria. More importantly, does the clinician need to know what constitutes excessive pronation? In the Donatelli et a1 study, those subjects classified as having excessive pronation were no more likely to be injured than those subjects who did not have excessive pronation. Obviously, individuals can develop various foot and ankle disorders, including plantar fasciitis, metatarsalgia, medial tibial stress syndrome, and tibialis posterior tendonitis, without having "excessive" pronation. Thus, the need to classify a patient as having "excessive" pronation would appear to be somewhat of an enigma. Donatelli and his colleagues also report in Table 4 that 92% of the subjects (136 feet out of 148 total feet evaluated) had a forefoot varus deformity, and 6.8% of the subjects (10 feet out of 148 total feet evaluated) had a forefoot valgus deformity. This would indicate that only 1.2% of the subjects in the study (2 feet out of 148 total feet) would have a normal foot structure as defined by Root et al." If so many feet are abnormal in a healthy adult symptomfree population, then one could question whether the criteria used to define a "normal" foot structure is even appropriate.
Donatelli and his colleagues claim that their study is the first to demonstrate a correlation between static foot and ankle measurements and the dynamic pattern of rearfoot motion during the stance phase of walking. The reason for this claim is the data presented in Table 3 , which presents static measurement values for those subjects who pronated during all 3 phases of gait and those who were not pronated during all 3 phases of gait. While the authors do provide the reader with dynamic rearfoot motion values in Table 5 , they fail to provide these data in Table 3 .
What is very interesting regarding the data presented in Table 3 is the large amount of variability in the degree of forefoot position and subtalar joint neutral position between the 2 groups. The mean and standard deviation (left and right feet combined) for the 2 studies he cites in his commentary, all static markings, foot placements, and measurements were done by a singh investigator: Dr. M c P~i l .~.~ To summarize with respect to inter-reliability: yes, this would have been a helpful, but not necessary addition to our study. With any goniometry, visual estimation should never be a substitute for quantification, as suggested by Dr. McPoil. Had we done this, we would have had 100% agreement without knowing the degree of forefoot posture! On the basis of our work and previous studies, clinicians should be confident that with operational definitions and practice, the measurements are reliable.
Another potential flaw in our methods cited by Dr. McPoil was the palpation for and measurement of the STJN position. His bewilderment about our use of STJN is contradictory to his use of the same method in much of his r e s e a r~h .~.~.~ In fact, McPoil and Brocato'sVechnique is commonly referenced in the literature. We certainly agree that description of the STJN position raises concerns about validity (but not reliability), and that scientific investigation is needed. We used STJN as a theoretically noncompensated p e sition from which we could attempt to observe and measure extremes in calcaneal movement during stance, not unlike what McPoil and Cornwall have attempted, albeit with more sophisticated video equip ment.7-R To quote from their previous work, "Neutral rearfoot position. . .indicates the static rearfoot to which dynamic rearfoot motion is referenced.. ."7 Dr. McPoil refers to the term excessive pronation as enigmatic and states that we have arbitrarily defined "excessive" as 8 degrees or more of calcaneal eversion. While somewhat arbitrary, the 8 degrees is also partially literature-based. We agree that criteria for what constitutes "excessive" are unknown. McPoil and Cornwa117 reported mean maximum rearfoot eversion angles as 6.3 degrees as measured by 2di-mensional motion analysis, and a mean of 7.2 degrees calcaneal eversion in single-leg stance. Eng and Pierrynowski2 defined excessive pronation as greater than 6 degrees of calcaneal eversion. We chose 8 degrees in an effort to err on the higher end of pronation, and to not mistakenly label too many subjects as pronators.
We certainly agree with Dr. McPoil that "normal" foot structure is questionable and uncertain in any population and that many of the measurements available to clinicians are crude, at best. But it has been o u r consistent clinical observation that the most symptomatic pronators we evaluate seem to be compensating for a variety o f lower extremity postures, including those in the forefoot. We now have a small but significant piece o f the research puzzle to s u p port this. Knowledge o f forefoot posture guides us in the orthotic decision-making process, including the use o f forefoot posting to reduce potentially harmful pronatory compensation during stance.
